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Seq uential steroid administration o f es tradiol (E2) and pro-
gesterone (P) in spayed pigtail ed macaques was used to 
precisely control the time course of sex skin swelling. After 
rem ova l of the P implant, the sex skin swelled considerably 
and the wa ter content o f the sex skin in creased manyfold 
over that of back skin . During the sw elling phase, hyalu-
ronate bi osynthesis in sex skin in creased dramatically com-
pared with back skin of the sa me animal s. Collagen syn-
thesis also increased but to a lesser extent. Estrogen receptor 
levels were undetectable in back skin and very low in spayed 
animals that had been trea ted with bo th E2 and P. After 
A periodi c sweIJin g occurs in the " scxual skin " of the buttocks and thi ghs of certain O ld World nonhu-m an primates. Thc tcrm "sexual skin" was coincd by Langley and Sherrin gton in 1891 [1] to refer to an area of skin conti guous with th c fem ale external 
genjtalia w hi ch dem onstrated a maximal swelling coincident with 
th e time of ovula tio n. Several yea rs ago , Bentl cy ct al [2] sho wed 
that th e agcnt rcsponsible fo r the sw clling was hyaluroni c acid 
w hich beca use of its ullllsuall y high affin ity fo r wa tcr brings about 
a temporary edem a. We found that sex skin swelling could be 
in duced in the rhesus m onkey, Macaca IIIIdalla , even th ough this 
species docs not display mu ch cycli ca l swclling, by thc prolo nged 
inj ection of high doscs of es tradiol (E2) and th at the swollen sex 
skin demo nstrated a g rea tl y increased rate o f biosynthes is of hy-
aluronic acid and o f collagen w hcn co mpared w ith the chcst skin 
of th e sa m e anim als. T hese observa tions would impl y th at es tro-
gcn reccptors are prescnt in the connective tissue synthesizing 
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removal of the P implant, both the level o f estrogen re-
cepto r and the rate of hyaluronate biosynthesis increased . 
Immunocytochemistry with monoclonal antibodies against 
the es trogen receptor showed that the derm al fibroblas t 
was the only cell type to stain positively fo r estrogen re-
cepto r. We conclude that the sex skin sw elling that follows 
P withdrawal in pigtailed macaques bea ring E2 implants is 
mediated by estrogen receptors in dermal fibroblasts and 
is a result of in creased hyaluronic acid synthesis by these 
cell s. J Invest Dermatof 87:668- 673, 1986 
cell s of sex skin in contras t to skin from o ther anatomi c sites . 
E vidence has been accumulating recently w hi ch demonstrates that 
es trogcn reccpto rs do occur in sex skin of chimpanzees [3] and 
Japanese m acaques [4] , w o men's fac ial skin [5], and in a m ouse 
fibroblas t cell linc deri ved fro m skin [6]. Thesc studies tend to 
suppo rt the hypoth es is that regional differences exist between 
fib roblasts dcpendent upon their anato mic sourcc. 
Macaca nemestrilla, th e pig tailed m acaque, shows a dramatic 
cycli c swelling and shrinking of the sexual skin durin g the natural 
m enstrual cycl c. In previous w ork Carlislc et al [7] dem onstrated 
th at the naturally occurrin g cycli c tumescence-detumescence of 
the sex skin in intac t pi g tail ed macaques can be mimi cked in 
spayed anim als by sequential administration o f E2 and proges-
terone (P) . In animals bea ring E2 and P implants, the sex skin 
swell s w hen the P implant is removed and shrinks w hen the P 
is added back . In this res pect sex skin is similar to m any other tar-
get organs in w hich progcstins antagoni ze the effects o f es tro-
gens [8). 
In thc present study w e used a simil ar technique of sequential 
stero id administration in spaycd pig tailed m acaques to precisel y 
control th e tim e course o f sex skin swelling. T he goa l o f the w ork 
w as to determin e w hether a direct relati onship could be dem-
onstrated between the effects of es trogen , the level o f es trogen 
recepto rs and the rate of hyaluronic acid and co lla gen biosynthesis 
in sex skin. In addition , we utilized an immunocy tochemical tech-
nique with monocl onal antibodies aga inst the es trogen recepto r 
[9, 10] to veri fy that es trogen recepto rs could be localized w ithin 
the nuclei o f the dermal fibroblasts. 
MATERIALS AND M ETH O D S 
Sex ually m aturc fem ale pig tailed m acaques (Ma caca nemestrilla) 
were o variecto mized and allo wed to reco ver fo r at leas t 6 weeks 
prio r to furth er surgcry . A 3-cm Silas ti c capsul c, filled with crys-
talline E 2 was th en implanted subcutancously into each animal. 
Fourteen days later a 6-cm Silastic capsule of P w as implanted , 
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left in, place for 14 days, and th en removed. After 14 more days 
with only the E2 ca psule in place, a P capsule was implanted 
aga in. This sequence of implantation and remova l of a P ca psule 
at 14-day intervals in the presence of continuous E2 was used to 
induce a seri es of artifi cial menstrual cycles that resembled natural 
cycles. T he E2 capsules were routinely left in place for 4 months 
and then replaced . Serum sa mpled durin g the 4 months showed 
that the E2 concentration was constant thro ughout this period. 
T h e serum steroid levels produced by th ese implants were within 
phys io logic range; the mean level of serum E2 was 93 pg/ ml and 
serum P was 2.8 ng/ ml. When the P implant was implanted the 
sex skin shrank ; after the P ca psule was removed , the sex sk in 
swell ed under the inAuence of E2. Tissue sa mples were taken from 
spayed, untreated anima ls and at various times during the E2-
induced swelling phase after the P ca psule had been removed. In 
2 an imals onl y, we studied the long-term effects of continuous 
E2 for 70 and 103 days on co llagen biosynthes is. All animal han-
dling and surgica l procedures were done under the supervision 
of the veterinary staff of the O regon Regio nal Primate Resea rch 
Center. 
Histologic Techniques Tissue sa mples for light microscopy 
were fi xed overnight in a fi xa tive that contained 0.75% glutar-
alde hyde, 3.0% form aldehyde, 0.001 M co llidine, 0.05 M HEPES 
(N-2-hydroxyethylpipera zine-N' -2-ethanesulfonic acid), 0.6 M 
NaOH , and 0.005 M HCl. This fi xat ive is mod ified slightly from 
one ori ginall y devised in Brenner's laboratory [11] . T issues were 
rinsed and embedded in g lyco lmethacrylate, and secti ons 5 J.Lm 
thick were cut with a JB-4 microtome, mounted on glass slides, 
and stained with Lee's sta in [1 2]. 
Inununocytochelnical Techniques Fresh sa mples of either 
back sk in o r sex skin were cut into small slabs approximately 2-3 
nun thi ck and 1 cm square, placed o n Aat chips o f brass 0.1 mm 
thick, immersed in a cryoprotectant (0. C. T., Miles Laborato-
ries), and plunged into liquified propane. Frozen sa mples were 
rem.oved from the propane and stored up to 6 months over liquid 
N 2 (approximately - 150 to - 190°C). Blocks of frozen tissue 
were mounted o n cryos tat chu cks with O.C.T. in a freezing 
ch a mber at - 70°C, transferred to the cryos tat, and sectio ned 
se rially at 6 J.Lm . Estrogen receptors were loca lized with an in-
direct immunocytochemical method [9] except that frozen sec-
tions were fi xed sequentially in a modifica tion of Za mboni 's fi x-
ative [13] containing 0.025% g lutaraldehyde for 2 min 4°C, 
Zamboni's fi xa tive without glutaraldehyde for 10 min 4°C, and 
85% ethano l 4 min 4°C. All sections were rinsed in phosphate-
buffered sa line containin g 0.1 % gelatin (PBS-gel) and then trea ted 
with sodium borohydride 0.5 mg/ ml, 2 min 4°C. T he slides were 
rinsed again and blocked with normal rabbit serum , 20 min 4°C, 
befo re exposure to first antibody. Two monoclonal antibod ies 
against the estrogen receptor (075 kindl y provided by Dr. Geof-
frey Greene, University of C hicago and H222 by Dr. Larry Miller, 
Abbott Labo rato ries) were co mbined and diluted to a concentra-
tion of 3.5-7.0 J.Lg/ml in PBS-gel. Control antibodies, anti-an-
tigen B, a component of T imothy G rass po llen (AT), or anti-Iyt-
2 a nti gen, kindly provided by Dr. A. Malley, Oregon Regional 
Primate Resea rch Center, were used at a concentration of 10 
J.Lg/ml. Sites of antibody localization were detected w ith an antirat 
IgG avidin-biotin-peroxidase kit, Vector Laboratories (B urlin-
gam e, Cali fornia). Photomicrographs were made on PN 55 (Po-
laroid Corp.) film with a Zeiss photomicroscope throu gh yellow 
and green filters. 
Tissue Incubations Specimens of fin ely minced sex skin or 
back skin weighing 0.3-4 g were incubated for 4 h under the 
conditi ons we have previousl y described [2]. [3H]Glucose was 
ad d ed to label newly synthes ized hyaluronic acid , or L-
[3H(G)]proline was used as a precursor for coll agen biosynthesis 
studies. 
Collagen Assay Following incubation with [3H]pro line, the 
min ced shn was centrifu ged and the media disca rded . The pellet 
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was was hed 3 times w ith ice-cold 0.02 M N a2HPO " and 2 times 
w ith water. The washed pellet was lyophilized to dryness. A small 
amount of tissue was analyzed fo r DNA content [1 4] and the rest 
was hydrolyzed in 6 N HC I for 18 h at 105°C. H ydroxy proline 
was isolated by ion exchange chromatography accordin g to the 
method of Goldberg [15], and was assayed for radioactivity by 
liquid scintill ation spectro metry. The results were expressed as 
tota l hydroxyproline counts per gram of tissue o r on the basis of 
ON A co ntent. 
Hyaluronate Assay Following incubation w ith labeled glu-
cose, the tissue was digested with papa in . The digested skin was 
di alyzed 1-3 days with cold tap water and then disti lled water to 
remove excess [3H] glu cose. The di alysate was clarified then ly-
ophilized to dryness. The dried sa mple was dissolved in water 
and the crude glycosa minoglycans were precipitated by addition 
of 95% ethanol saturated with sodium acetate, to a final ethan ol 
concentrat ion of 70%. 
These g lycosa minoglycans were separated as their cety lpyri-
dinium salts on a 9 x 1.1 cm CF 11 cellulose column equilibrated 
with 1 % cetylpyridinium chlo ride (CPC) containing 0.01 M N aCI 
[1 61. T he column was eluted w ith 3 vol of 1 % C PC followed by 
2 salt solutions. Hyaluroni c acid was eluted w ith 0 .3 M N aCI and 
sulfated glycosa minoglycans w ith 0.75 M MgClz. We have pre-
viously repo rted on the characterizat ion of the glycosa minogly-
cans eluted from the column w ith these solvents [2]. 3H Radio-
activity was determined in the eluate by liqu id scintillation spec-
tro metry. 
Small amounts of tissue min ce were removed before incubation 
and dried over P20 S for 7 days to obtain a wet weight:dry weight 
ratio. Subsequently the dried tissue was analyzed for DNA con-
tent along with a wet tissue sa mple. 
Estrogen Receptor Assay In our laboratory , the standard 
binding and exchange assays we have used to measure estrogen 
receptor in the reprodu ctive tract [1 7] have produced hi ghly vari-
able results in the sex skin of pigtailed ma caq ues. Because the 
fibrob las ts that contai n the receptors are widely dispersed 
throughout the skin , receptor levels are quite low per unit volume 
of skin sa mple. To overcome this limi tation we have used a 
monoclonal antibody, H222, aga inst the estrogen receptor [1 8] 
(kind ly provided by Dr. L. Miller, Abbott Laboratories) in a 
microassay that re liably detects the sl11 all levels of estrogen re-
ceptor that are typica ll y present in sex skin sa mples. A full de-
scription of the microassay fo llows. 
Sex and back skin biopsies (approximately 1 g each) were sli ced 
into approximately 0.5-mm sectio ns with a Stadie-Riggs tissue 
slicer (Arthur H . Thomas Co., Philadelphia , Pennsylvania). T he 
sli ces were rinsed with Trowell 's medium (GIBCO), and then 
in cubated at 37°C for 1 h in Trowell's medium with I 0 nM 
[2,4,6,7, 16, 17 - 3H(N)]estradiol] (134 C i/ mol) in an atm osphere 
of 60% O 2:6% CO2:34% N2 . After in cubation the tissue slices 
were rinsed w ith TEDGM (10 mM Tris-1.5 mM EDT A-I mM 
dithio threitol- 10% (v /v ) glycerol-I 0 mM sodium m olybdate, pH 
7.4) and ho mogenized (approximately 100 mg/ml TEDGM) w ith 
3 15-s bursts at I-min intervals with a PT -10 Poly tron (B rink-
mann Instruments) at a power settin g of7. The ho mogenate was 
centrifu ged at 2500 g fo r 10 min , yielding a crude nuclea r pellet. 
The supern atant Auid was disca rded and the crude nuclea r pellet 
was washed w ith TEDGM 3 times I;l y resuspension (with ap-
proximately half the homogenization volume) and recentrifuga-
tion at 2500 g for 10 min. Each resulting supernatant fluid was 
discarded . The final nuclear pellet was resuspended (2-4 m g 
DNA/ ml) with TEDK (10 mM Tris-1.5 mM EDTA-l mM di-
thiothreito l-0.5 M KC I, pH 7.4) and vortexed at IS-min intervals 
for 1 h at O°C. The suspension was centrifu ged at 100,000 g for 
1 h and the resultin g supern atant was divided into 300-~1 aliquots. 
The pellet was assayed for DNA. Each aliquo t of the extract was 
layered on a dextran-coated charcoa l pellet (prepared by centri-
fu ging 1 ml of a solution containin g 1.25% charcoal, 0.625% 
dextra n, 10 111M Tris, and 1.5 mM EDT A (pH 7.4) at 12,000 g 
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Figure 1. Back skin . Scant, small fibroblasts (F) and large dense collagen 
(C) fibers are observed in the dermis . Melanocytes (M) . Back skin was 
not affected by E2 or P treatment. 
for 10 min), mixed, and allowed to sit for 10 min before cen-
trifugation at 12,000 g for 10 min . The supernatant was carefully 
removed and either directly subj ected to sedimentation analysis, 
o r added to 5 J.Lg of monoclonal antiestrophilin antibody H222 
and allowed to si t for 1 h at O°C and then subjected to sedimen-
tation analysis. The specifi city o f the Abbott monoclonal antibody 
H222 for the estrogen receptor has been fully documented [19,20]. 
Sucrose Density Gradient Analysis The TEK solutions con-
taining 5 and 20% (w/v) sucrose were used with a Buchler gra-
dient former to prepare linear 5-20% sucrose gradients (13 ml). 
T he gradients were allowed to stand at least 2 h at 4°C before a 
300-J.L1 sa mple was layered on top. Protein solutions used as sed-
Figure 2. Detumescent sex skin . The dermis consists of small fibroblasts 
(F), dense collagen (C) fibers, and minimal extracellular matrix following 
2 weeks of P trea tment. 
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imentation markers (bovine serum albumin 4.5S, IgG 6.6S , cat-
alase 11 .3S) were layered on parallel gradients. The sa mples were 
centrifuged for 18 h at 205 ,600 g in a model L5-65 Beckman 
ultracentrifuge using an SW-41 rotor at 4°C. Following centrif-
uga tion the gradient tubes were punctured at the bo ttom and 28 
fractions (25 drops each) were collected . Fractions containing sed-
imentation markers were read at 280 nm with a model 240 Gilford 
spectrophotometer. Fractions containing radiolabeled samples were 
mixed with 5 ml of Atomlite (New England Nuclear) and the 
radioactivity in each was measu red with a model 460-CD Packard 
liquid scintillation spectrophoto meter. The counting effi ciency 
was at least 40% and dpm were calculated by the instrument 
based on a carbon tetrachloride quench correction curve. 
We have previously shown [21] that the [3H]estradiol-nuclear 
receptor complex prepared from macaque uterus sediments at SS 
on identical sucrose density gradients (see Fig IB in [21]). T h e 
addition of 5 J.Lg of antibody H222 causes a shift of the radioactive 
peak to a heavier posi tion at 8S (see Fig IB in [21]) . As noted in 
the report of Linstedt et al [21]. es trogen receptor extracted from 
sex skin behaves exactl y like that from endo metrium in regard 
to its affinity for the H222 antibody and the degree to w hich the 
antibody shifts the recepto r on a sucrose gradien t. In the present 
work, the concentrations of steroid and antibody, time of incu-
bation , and method of extraction as described above have been 
optimized for sex skin. A com plete study which provides addi-
tional details on the sex skin recepto r assay is being published 
elsewhere (in preparation). 
The pea k o f radioactivity in the 8S region of the gradient is 
made up o f[ 3H]estradiol-receptor-antibody complexes. The area 
of the peak is a quantitative measure of receptor and is expressed 
as femtomoles per 100 J.Lg of DNA. 
RESULTS AND DISCUSSIO N 
Histology and Immunocytochemistry Histologic findings 
were identical to those previously reported for this species [7] . 
Back skin (Fig 1) was completely unaffected by hormone treat-
ments while sex skin fibroblasts swelled dramatically under the 
influence of E2 when the P capsule was remo ved, and shrank 
when P was replaced. During estrogen action , collagen fibrils 
became greatly dispersed , and the extracellular matrix becam e 
Figure 3. Tumescent sex skin. Large hypertrophied fib roblasts (F), dis-
persed collagen (C) fibrils, and an edematous extracellular matrix are 
observed in the dermis after 8 days of E2 treatment. Compare this dermal 
architecture with the dermis from sex skin of P-treated animals (Fig 2). 
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Figure 4. (Left) T umescent sex skin . Immunocytochemical preparation with anti-es trogen receptor monoclonal antibodies. O nly the nuclei of dermal 
fi b roblasts (F) of sex skin stain positively fo r estrogen receptor. Blood vessel (II) . Epidermis (E). Basal lamina (dotted lille). 
Figure 5. (M iddle) T umescent sex skin. Immunocytochemical preparation with AT monoclonal antibodies. O nly nonspecific, background staining is 
evid ent. Blood vessel (II) . Epidermis (E). Basa l lamina (dotted iiI/e). 
Figure 6. (J~ ig"() T umescent sex skin . fl, Immunocytochemical preparation with anti-es trogen receptor monoclonal antibodies. Higher magnifica tion 
clea rl y shows that the estrogen recepto r is loca ted in the nuclei (N) of dermal fi brob lasts (F). b, Immunocytochemical preparation w ith anti-Lyt-2 
an tibodies . O nly nonspecific cyto plasmic staining is evident. Nuclei are unstained. Fibroblast (F). Nucleus (N). 
hig hly edematous especially in the reticular zone of the dermis. 
W h e n P trea tment was resumed, collagen fib rils became more 
cOlnpacted and the edema of the extracellular matrix was dimin-
ish ed . Figures 2 and 3 illustrate the degree of edema and dispersal 
of coll agen fibers that occurs in the reticular dennis after the P 
implant was removed and the sex skin had swelled for 8 days . 
Skin from the back of the sa me estrogenized animal as in Fig 2 
was unaffected by estrogen (Fig 1) . 
T he immunocytochemical studies showed that onl y the nuclei 
of d ermal fib roblas ts of sex skin were positively stained fo r es-
trogen recepto rs. All cells in back skin w ere immunocytochem-
ica lly nega tive for estrogen receptors. All sections stained with 
AT or anti-Lyt-2 antigen showed onl y nonspecific, background 
staining. Recent evidence fro m several labo ratories suggests that 
estr ogen recepto rs are predominantly localized in the nucleus of 
ta rget cells; redistribution to cy tosolic fractions occurs during 
ho mogenization and frac tionation procedures [9, 10,22]. Figures 
4 and 6a illustrate that es trogen receptors are present in nuclei of 
dermal fibroblas ts o f swollen sex skin . Figure 5 shows, at low 
magnifi cation, that only background , nonspecifi c staining is ev-
ident w hen AT antibody is used. 
Figure 6b shows, at a higher magnification, that anti-Lyt-2 
sta ins the cyto plasm , but no t the nucleus of such fib ro blas ts. [n 
ou r labo rato ry, anti-estrogen receptor antibodies stain the cyto-
plas Dl of all tissues whether or no t they possess biochemically 
detectable estrogen recepto r. For exa mple, all cell types in intes-
tine, skeletal muscle, esophagus, and trachea (no t estrogen target 
organs) show light cytoplas mic, but no nuclear, sta1l1111g wi th 
th ese antibodies. Consequently we have concluded that the light 
cytoplas mic staining detectable in Fig 6a is nonspecific. The strong 
nuclea r staining in Fig 6a confirms that dermal fib roblas ts are 
target cells for es trogen in sex skin . 
Hyaluronate and Collagen Assays T he sex skin began to swell 
shortly after removal o f the P implant. By day 5 the wet weight/dry 
weight ra tio was approximately doubled in the sex skin w hen 
compared with the unswollen back skin (Fig 7). After 8 days, the 
water content in the sex skin was approximately 3 times that of 
the back skin . 
The results are expressed in 2 ways . In Ta bles I and II , the 
incorporation ofl abeled precursors into hyalu ronate and collagen 
is expressed as both " mean dpm/g dry skin" and as " mean dpm/ mg 
of D NA" in the skin . Since triplicate ~kin specimens were used, 
SEM values could be calculated and these tables provide info r-
mation about analytical variation as well as in teranimal variations. 
It is clea r that durin g the swelling phase hyaluronate biosynthesis 
is increased dramatically (up to 3D- fo ld) when compared w ith 
back skin or w ith unswollen sex skin (Table I). Collagen bio-
synthesis is also increased but to a lesser extent (Table II ) and 
these results are in accord w ith our previous findin g [2]. 
Exa mination of the raw data presented in Table II might suggest 
that there is an increase o f collagen biosynthesis in the back skin 
samples as time after removal of the P pellet proceeds. This trend 
does not, however, continue beyond 24 days and is not at all 
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Figure 7. Wet weight:dry weight ratio of skin samples taken at various 
time intervals fo llowing removal of the P pellet. Minced skin was weighed, 
dried in vacuo over P20S for 7 days, and reweighed. Dollcd bars = back 
skin . Crosshatched bal's = sex skin. Data for days 5 and 13 arc from the 
same animal measu red during the sa me ind uced swell ing cycles. 
evidcnt in the h ya luro nate biosynthesis data presented in Table 
I. Although it is possible that such an effect occurs, we were never 
able to demonstrate estrogcn rcceptors in back skin and believe 
that interanim al variation can bcst account for these data. In this 
work we allowed each animal to servc as its own contro l. T hus, 
to illustrate more clearly the relationship between hya luronate 
and coll agen biosynthesis and the presence of nucl ear estrogen 
reccptors, the data are presented in Figs 8 and 9 in a "percenta ge 
of contro l" format. The incorpo ration of label into collagen or 
hyaluronatc by sex skin biopsy specimens is prcsented as a per-
centage of that from unswo llen back sk in fro m the sa m e animal. 
Estrogen Receptor Assay Estrogen rcceptors could not be 
dcmonstrated under any circumstances in back skin and they were 
very low in spaycd an im als that had bccn treated sequentiall y 
with E2 and P implants. After remova l of thc P implant, es trogen 
rcceptor levels in creased substantially and rcached a m ax imum 
by day 8 (Fig 10). 
Collagen Biosynthesis During thc ea rly swelling phase very 
little differcncc in the ratc of coll agen biosynthcsis was seen w hen 
swoll cn scx sk in was compared w ith unswo ll en back skin (Fig 
9). Howevcr, by 14 days after rem oval of the P pell et, collagcn 
biosynthesis had doubled. Two anim als were left under the in-
Auence of estrogcn alone for periods much longer than th e norm al 
ovulatory cyclc and it can be seen (Fig 9) that incrcased collagen 
Table I. In Vitro Incorporation of [3H]Glucosc 
into H yaluronate by Biopsy Specimens of Sex Skin and 
Back Skin at Varying Ti m es Followin g Removal of the 
Progesterone 1m plan t 
Hyaluronate Hyaluronate 
Day T issue (dpm/g dry tissue) (dpm/mg DNA) 
Spayed Back skin 28,210 ± 1,374 19,348 ± 942 
Sex skin 49,999 ± 4,935 21,987 ± 2, 170 
Day 0 Back skin 38,238 ± 12,874 10,881 ± 3,663 
Sex skin 52,554 ± 3,975 11 ,836 ± 895 
Day 5" Back skin 69,953 ± 3,035 37,548 ± 1,630 
Sex skin 279,055 ± 35,953 11 5,934 ± 14,937 
Da y 8 Back skin 32,614 ± 2,715 8,865 ± 738 
Sex skin 999,240 ± 13,577 213,0 12 ± 2,894 
Day 13" Back skin 55,407 ± 4,180 22,083 ± 1,665 
Sex skin 254,392 ± 26,306 11 9,433 ± 12,350 
Triplicate tisslIe specimens were incubated and analyzed. nCSUl lS presented as 
meallS ± SEM . 
I/Same an imal. 
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Table II. In Vitro Incorporation of [3H]Proline in to Collagen 
by Biopsy Spccimens o f Sex Skin and Back Skin at Varying 
Times Followin g Rem oval of Progesterone Im plant 
Hyd roxyproline Hydroxyproline 
Day T issue (dpm /g dry tissue) (dpm/mg DNA) 
0 Back skin 487, 175 ± 1,883 67,663 ± 260 
Sex skin 455,465 ± 49,840 75,911 ± 8,307 
3" Back skin 606,691 90,551 
Sex skin 421,857 78,122 
5 Back sk in 620,370 ± 13,348 105,148 ± 2,262 
Sex sk in 489,324 ± 73,051 75,280 ± 11 ,238 
14 Back skin 875, 148 ± 30,923 190,250 ± 6,722 
Sex skin 1,699,680 ± 307,843 459,372 ± 83,201 
24 Back skin 883,424 ± 94,899 294,475 ± 31,633 
Sex sk in 1,404,280 ± 315,553 540,106 ± 121,366 
70" Back skin 158,964 35,323 
Sex skin 419,720 93,064 
103 Back skin 144,497 ± 31,857 49,015 ± 10,766 
Scx skin 828,460 ± 93,026 252,579 ± 28,361 
Tripli cate tiss lIe specim ens we re in cubated and analyzed. Resu lts arc presented as 
m ea ns ± SEM . 
"In sufficient t issue for tri plicate analyses. 
biosynthesis is maintained in this tissue for up to 103 days . This 
agrees with our previous observation [2] that biosynthesis of col-
lagcn but not of non collagen protein was in creased in th e sex skin 
of rhcsus m onkeys injectcd on a daily basis with very large doses 
of E2 (25 JLg/kg). 
Because the serum levels ofE2 and P maintained in these animals 
closcly mimicked those fo und in norm all y cycling anim als, we 
conclude that the rate of collagen biosynthesis in sex skin should 
in crease simil arl y durin g normal m enstrual cycles in the sex skin . 
Since the half-li fe of collagen in mammalian skin is known to be 
3064% 
2403 % 
.:: 
.:c 
I/) 
.:c 
u 
III 600 !Xl " 
..... 
0 
<II 500 01 
~ 
c:: 400 <II 
U 
... 
<II 
Cl.. 
~ 300 
'" ~
.:: 200 f-
.:c 
I/) 
'< 100 
<II 
I/) I I Ii 
Spayed o 5 8 13 
Days After Progesterone Removal 
Figure 8. In vitro biosynthesis of hyaluronate by sex skin biopsies at 
variolls time intervals fo llowing removal of the P pellet. The incorpo-
ration of labeled precursor by sex skin is expressed as a percentage of the 
incorporation mcasured in a biopsy of back skin taken from the same 
anim al at the same time. Dotted bars compare hyaluronate dpm/mg of dry 
weight of ti ssue. CJ'Osshatched bars compare hyaluronate dpm/mg DNA. 
The data for days 5 and 13 were from the same animal measured during 
the same induced swelling cycle. 
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Figure 10. C hanges in amounts of estrogen receptor in sex skin during 
es trogen action. 
very long, repeated episodes of increased synthesis should give 
rise to a dramatically thickened skin over the buttocks in mature 
ferrta les. However, as this clearly does not happen, the collagen 
that is synthesized must be turned over more rapidly in sex sk in 
than other types of skin in order to maintain the sta tus quo. 
Studies are now under way to determine whether a different type 
of coll agen is synthesized as a response to estrogen stimulation. 
ft is possible, for example, that the collagen produced is largely 
type III , a species which is known to be suscepti ble to a variety 
of prot eases and which could conceivably turn over more rapidly. 
W e have recently demonstrated [23] that lysosomal cathepsins can 
degrade newly form ed type III collagen but not type I. 
These data confirm and extend our previous report that estro-
gens stimulate hyaluronate and collagen synthesis in sex skin of 
the rhesus monkey [2] . In our original stud y we used high doses 
of estrogen to induce an exaggerated swelling of the Rank , leg, 
and back skin in the rhesus monkey, a species in which sex skin 
is present in modest amounts and is only moderately affected by 
estrogens during the natural menstrua l cycle. Now we have dem-
onstrated under more physiologic conditions that the sex skin 
swelling that follows P withdrawal in pigtailed macaq ues bearing 
E2 implants is accompanied by increases in the level of estrogen 
receptor as well as in the amount of hyaluronate and collagen 
synthesis. We have also used immunocytochemistry to document 
that the dermal fibroblast is the only cel l type in the skin to stain 
positively for es trogen receptors. We consider it likely th at these 
fi ndings apply to the natural menstrual cycle, as the serum levels 
ofE2 and P produced by the implants were within the physiologic 
SEX SK IN BIOCHEMISTRY 673 
range for macaques . We conclude that these effects of estrogen 
are probably mediated through estrogen receptors in dermal fi-
broblas ts and that the increased hyaluronate synthesis is respon-
sible for the uptake of water and thus th e swelling of sex ual skin 
in both rhesus and pigtai led macaques. 
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